Cordyceps militaris waster medium (CMWM) is a by-product of the edible portion of the fruiting body of Cordyceps fungi. This study was conducted to investigate the effects of the CMWM on the production performance, egg quality and egg yolk cholesterol of laying hens. An in vitro study showed that the reducing power of the CMWM extracts increased linearly with its concentration; at a concentration of 4.0 mg/mL, it reached a level of roughly 60% ascorbic acid at 0.5 mg/mL, while inhibition of lipid peroxidation of the CMWM extracts at 15.0 mg/mL reached nearly 50%. Sixty 22-week-old laying hens (Hendrix) were randomly allocated into 4 groups with 5 replicates, 3 birds per replicate. They were fed diets supplemented with the following levels of the CMWM: 0 (control group, corn-soybean meal), 5.0, 10.0, or 20.0 g/kg dried CMWM groups for 12 weeks, respectively. The results revealed that the 20.0 g/kg CMWM group exhibited significantly decreased feed conversion ratio (FCR) and increased egg white weight compared to the control group at 5-8 and 9-12 weeks. The supplemented CMWM groups showed significantly elevated egg mass in comparison to the control group at 5-8 and 9-12 weeks. There were no effects for egg yolk weight, egg shell weight, shell thickness and egg yolk color between the groups. Those groups which were supplemented with 10.0 and 20.0 g/kg dried CMWM showed significantly decreased egg cholesterol compared to the control group at 9-12 weeks. On the basis of these observations, we concluded that CMWM, a by-product of Cordyceps militaris, could be employed as a new feed additive that offers potential benefits for elevating egg mass and producing lower cholesterol eggs by laying hens.
Introduction
Currently, consumers are increasingly aware of the health benefits and nutritional quality of the food they consume. Today' s poultry producers are confronted with numerous challenges in preventing diseases and maintaining health without the use of sub-therapeutic antibiotics (Lee et al., 2013) . As food safety and animal welfare concerns continue to increase, researchers attempt to seek better antibiotic alternatives for molting laying hens than those currently used. Cordyceps, one of the most valued traditional Chinese medicines, is a genus of ascomycete fungi that includes approximately 400 species. All Cordyceps species are endoparasitoids, i.e. parasites mainly on insects and other arthropods. Until recently, the best known species of the genus was Cordyceps sinensis, also known as SummerGrass Winter-Worm because of its appearance during different seasons. Some polysaccharide components and cordycepin, which have shown anticancer activity in preliminary in vitro and animal studies, have been isolated from C. sinensis (Khan et al., 2010) . C. sinensis usually grows at altitudes of 3500-5000 meters in mountainous regions, such as China's Qinghai-Tibet Plateau and the Himalayan Mountains in China. The difficulties in cultivation and its longer lifecycle have resulted in a limited available supply, with an increase in price to US$12000/kg (for average quality product) in 2006 (Paterson, 2008) . Research and development into a potential replacement species, Cordyceps militaris (Fig. 1A) , have continued over the last few years (Das et al., 2010) .
Cordyceps militaris is also a well-known traditional Chinese medicine and is a potential source of biometabolites for herbal drugs. There is evidence that suggests that in ancient times it was used for the revitalization of the body. In the last few decades, C. militaris has become a highly valued species among consumers in North America, Europe and Asia. In China, C. militaris has been widely cultivated for the production of fruiting bodies through solid fermentation, with reported production of 5880 and 4990 tons in the Liaoning and Jilin Provinces, respectively, in 2013. C. militaris is especially rich in carbohydrates, with abundant secondary/functional metabolites such as cordycepin, polysaccharides, cordycepic acid (D-mannitol), adenosine and ergosterol, as well as some essential trace elements (Das et al., 2010) . There is much evidence which demonstrates that the active components of C. militaris are beneficial in regard to antioxidation, anti-inflammation, antiaging and tumor medication. The evidence also suggests that these components can be helpful as anti-metastatics, antiproliferatives, immunomodulatories, anti-microbials, insecticides, hypolipidaemics, hyperglycemics, anti-angiogenetics, anti-diabetics, anti-fatigue medications, neuroprotectives, reno-protectives and liver-protective agents, let alone other synergistic qualities (Chen et al., 1997; Zhu et al., 1998; Das et al., 2010) . Therefore, it is marketable in western countries as an over-the-counter medicine. Recently, Hana et al. (2014) indicated that supplementation of 0.1% fermentation products of Cordyceps militaris (FPCM) could increase the body weight gain of broilers from 22 to 42 days of age. Hence, the addition of 0.2% FPCM significantly increased the tibia calcium content at 21 and 42 days of chicken broilers; therefore, the authors suggested that FPCM had positive effects on the growth performance of broilers.
A number of culture techniques for the mushroom have been noted. Currently, C. militaris is frequently grown in sterilized glass jars, and cultivated within a 3-D architectural structure in an air-conditioned environment. When its fruiting bodies mature and are ready to sell, the residues of the waster medium are usually removed as a by-product. To our knowledge, little information is available regarding the influence of dietary supplementation of dried Cordyceps militaris waster medium (CMWM, Fig. 1B ) powder in the hen's diet. Therefore, the objective of the present study was to investigate the effects of dried CMWM, a by-product of the fruiting bodies of C. militaris, on the production performance, egg traits and egg yolk cholesterol of laying hens.
Materials and Methods

Cordyceps Militaris Waster Medium Sample Preparation
The Cordyceps militaris waster medium (CMWM) used in the study was kindly provided by a local mushroom producer (HSIN-HAI BIOTECHNOLOGY CO., LTD. Taichung, Taiwan). The rice-based, solid fermentative medium of C. militaris contained 100 g of rice in 150 mL of nutrient solution (1.0% peptone, 1.0% glucose, 0.2% KH 2 PO 4 , 0.1% MgSO 4 , 0.1% ammonium citrate and 1.0% silkworm powder), and was autoclaved for 30 min before it was used for the cultivation of C. militaris. After fermentation for 8 weeks at 22-24℃, fruiting bodies of C. militaris were harvested and the culture medium (as shown in Figs. 1A and 1B). The fresh CMWM was dried in a forced hot-air dryer at 55℃ for 3 d and then ground to a powder (approximately 1 mm in size) prior to its addition to the feed. Approximately 2.5 kg of the wet byproduct could produce 1.0 kg of the dry CMWM product. The extracts were added to 100% distilled water (1:10, w/v) at 95℃ for 2 h after filtering (Advantec NO. 1, Tokyo, Japan). The filtrate was evaporated under vacuum conditions until it was dry. The lyophilized extracts were rehydrated, and the concentration adjusted to 1 mg/mL for subsequent analysis.
Bioactive Components Assay
An analysis of the cordycepin, ergosterol and adenosine from the CMWM extracts was performed using a high pressure liguid chromatography (HPLC) system that consisted of a Waters Model Alliance 2695 and 996 photodiode array detector set at 270 and 260 nm wavelength (Waters, Milford, MA, USA), respectively. Standards of cordycepin, Wang et al.: Cordyceps Militaris Waster Medium as Additive ergosterol and adenosine were purchased from Sigma Chemical Corporation (St. Louis, MO, USA). The separations were achieved with a 15-μL loop, a reversed-phase column (Merck LiChrospher 100 RP-18, 5 μm, 4.0×250 mm I.D.; Darmstadt, Germany) and by isocratic elution, using 100% methanol as the mobile phase. The flow rate of the eluent was 1.0 mL/min, as described previously (Li et al., 1990; Ling et al., 2009) . The cordycepic acid from the obtained extracts was analyzed with D-mannitol on the mannose standard curve at 412 nm spectrophotometrically (Xiao et al., 2009) . The total phenolic contents were determined using a Folin-Ciocalteu reagent according to the method described previously (Kujala et al., 2000) . The Folin-Ciocalteu reagent was mixed evenly with the CMWM extracts before adding the Na 2 CO 3 solution; it was measured with a spectrophotometer at 730 nm. Then, with the contents of the phenolic compounds of the extracts, a microgram of the gallic acid equivalent (GAE) was determined using an equation obtained from the standard gallic acid graph. The flavonoid content of the CMWM extracts was determined by following the colorimetric method. Briefly, 0.5 mL of the extracts in methanol were mixed with methanol, 10.0% aluminum chloride and 1 M potassium acetate, and left at room temperature for 30 min. The absorbance of the reaction mixture was measured at 415 nm with a spectrophotometer, and the calibration curve was obtained by preparing quercetin solutions (Chang et al., 2002) . A crude polysaccharide assay was conducted using the phenol-sulfate method. Briefly, the CMWM powder was boiled for 2 h at 95℃ until it was dry, with the filtrate dialyzed for 12 h under 4℃. The obtained extracts were analyzed, and the results were compared to the data shown on the glucose standard curve at 730 nm spectrophotometrically, as described by Dubois et al. (1956) . Trichloroacetic acid, chloroform-sulfuric acid and glacial acetic acid-acetyl chloride were used for the qualitative detection of crude triterpenoids according to the procedures described previously (Wu, 2004) .
Reducing Power and Lipid Peroxidation Assays
The reducing capability of the CMWM extracts was quantified using the method of Oyaizu (1986) . Briefly, the CMWM extracts were mixed with a phosphate buffer (0.2 M, pH 6.6) and potassium ferricyanide (1.0%). The mixture was incubated at 50℃ for 30 min. The reaction was terminated by adding a portion of trichloroacetic acid (10.0%). The upper layer of the solution was mixed with FeCl 3 (0.1%). The absorbance was measured at 700 nm in a spectrophotometer, against an ascorbic acid which was used as a control. Increased absorbance of the reaction mixture indicated greater reducing power. The described lipid peroxidation method was modified slightly by Duh et al. (1999) . Lecithin (300 mg) was sonicated in an ultrasonic cleaner in 30 mL of a 50 mM phosphate buffer (pH 7.4) for 4 h. FeCl 3 (0.5 mL, 1 mM), ascorbic acid (0. 5 mL, 400 mM) and CMWM extracts were added to the sonicated solution (0.5 mL, 10 mg lecithin/mL). The mixture was incubated for 1 h at 37℃, and oxidation was measured using the 2-thiobarbituric acid (TBA) method. The absorbance of the sample was read at 532 nm against a negative control, which contained all of the reagents except lecithin, and BHT served as the positive control.
The inhibition of lipid peroxidation percentage equaled [1 −(A1/A0)]×100 where A0 was the absorbance of the negative control reaction, and A1 was the absorbance in the presence of the CMWM extracts / BHT.
Layers, Management and Egg Sample Collection
A total of sixty 22-week-old laying hens (Hendrix) were randomly allocated into 4 dietary groups with 5 replicates, with 3 birds per replicate housed in individual wire cages (43 ×40×60 cm) with a nipple drinker (15 laying hens per group). Over a 12-week period, each group, including the control group, received a corn-soybean meal diet. The three non-control groups had their diet supplemented with 5.0, 10.0, or 20.0 g/kg dried CMWM groups, respectively. The temperature was set at 25℃, with relative humidity at 55%. Table 1 presents the ingredients and nutrient compositions of the experimental diets. The diets were formulated to meet the nutrient requirements of laying hens (National Research Council, 1994 ) was evaluated using an eggshell strength tester (DET 6000, NABEL Co., Ltd., Kyoto, Japan). A constantly increasing load was applied to an egg lying lengthways until it broke, and the applied load at the time of breakage was determined as the measured strength. Egg shell thickness (mm) was determined as a mean value of measurements at three locations on the eggs (sharp section, blunt section and middle section, respectively), using a dial pipe gauge.
Yolk Collection for Cholesterol Determination
Five eggs were collected randomly in each group (one egg per replicate) to measure the cholesterol at 9-12 weeks. The yolks were separated from the albumen, and cholesterol concentrations (mg of cholesterol/yolk) in the filtered samples were determined by an ultraviolet spectrophotometer using commercial kits and calculated according to the method previously described (Boehringer, 1989; Kaya et al., 2001) .
Statistical Analysis
The data were analyzed by performing ANOVAs for completely randomized designs using the GLM procedure of the SAS software program. Significant statistical differences among the various treatment group means were determined using Duncan's multiple range test. A threshold value of P ＜0.05 was set to denote the statistical significance.
Results
Chemical and Bioactive Ingredients of CMWM
Chemical compositions of Cordyceps militaris waster medium are shown in Table 2 . The results showed the CMWM included dry matter 89.03±0.08%, crude protein 7.56±0.09%, crude ash 5.60±0.04%, ether extract 3.76± 0.95% and neutral detergent fiber 34.33±0.02%, respectively. Analyses of the active ingredients in CMWM are shown in Table 3 . The results showed an accumulation of a variety of functional/secondary metabolites such as cordycepin (1.82±0.12 mg Cordycepin equivalent/g dry weight), cordycepic acid (21.88±0.36 mg Mannitol equivalent/g dry weight), phenolic compounds (3.91±0.16 mg Gallic acid equivalent/g dry weight), triterpenoid (35.31±1.43 mg/g dry weight), flavonoid (4.26±0.05 mg of Quercetin equivalent/g dry weight), ergosterol (1.99±0.22 mg/g dry weight), adenosine (470.0±30.0 μg/g dry weight) and polysaccharides (36.5±4.7 mg/g dry weight), respectively.
Antioxidant Capacity of CMWM Extracts
The reducing power shown by the CMWM extracts is illustrated in Fig. 2 . The ascorbic acid attained the maximum reducing power when the concentration was increased from 0.01 to 0.5 mg/mL. Subsequently, the reducing power did not further increase proportionally to the concentration. The reducing power of the CMWM extracts showed a linear increase with its concentration, and at a concentration of 4.0 mg/mL reached about 60% of ascorbic acid at 0.5 mg/mL. In comparing ascorbic acid and CMWM extracts, the reducing power was approximately equivalent when the concentrations were 0.1 mg/mL and 4.0 mg/mL, respectively. The antioxidant activity of CMWM extracts in a liposome system Wang et al.: Cordyceps Militaris as indicated by FeCl 3 and BHT, and measured by the TBA method, is plotted in Fig. 3 . The CMWM extracts in the range of 0-15.0 mg/mL showed 0-50% inhibition of TBARS formation compared to the control, and the extracts showed a linear amount of dependent antioxidant activity on liposome oxidation mostly in the 5.0-15.0 mg/mL range (y＝4.6025x −16.517, x＝concentration of CMWM extracts).
Layer Performance, Egg Traits and Cholesterol Content
The effect of dietary CMWM on the performance in laying hens is showed in Table 4 . None of the laying hens died, and all appeared to remain healthy throughout the entire period (data not shown). The performance of feed intake, egg production, egg mass and FCR were similar at 0-4 weeks among the groups. The 10.0 g/kg CMWM group had a significantly higher egg production than that of the control group at 5-8 and 9-12 weeks, respectively. The 20.0 g/kg CMWM group had a significantly higher FCR than the control group at 5-8 and 9-12 weeks, respectively.
Journal of Poultry Science, 52 (3) Moreover, at 5-8 and 9-12 weeks, the CMWM groups had a significantly greater egg mass than the control group. Table  5 shows the effect of dietary CMWM on egg traits in laying hens. Supplemental CMWM groups had an elevated egg white weight than that of the control group at 5-8 and 9-12 weeks. The 20.0 g/kg CMWM group had the highest egg weight of all the groups. Table 6 presents the effect of CMWM on egg cholesterol content in laying hens at 9-12 weeks. Those groups receiving a diet supplemented with 10.0 and 20.0 g/kg dried CMWM showed a significant decrease in egg cholesterol levels, particularly against the control group; however, there was no difference between the control and 5.0 g/kg dried CMWM groups.
Discussion
Previously, Cordyceps had been clinically proven to have various properties, such as anti-tumor, anti-inflammatory and anti-oxidation effects (Li et al., 2006; Jeong et al., 2010; Xiao et al., 2010) . The results of the active ingredients in CMWM show an accumulation of a variety of functional/secondary metabolites, such as cordycepin, cordycepic acid, phenolic compounds, triterpenoid, flavonoid, ergosterol, adenosine and polysaccharides, which are important antioxidants and synergists; they could improve the antioxidative capacity and oxidative status in humans/animals. Cordycepin and cordycepic acid (D-mannitol) have been used generally as a marker for quality control in the medicinal value of Cordyceps (Li et al., 2006; Das et al., 2010; Xiao et al., 2010) . Yilmaz et al. (2007) pointed out that cordycepic acid could be used to decrease intracranial pressure in rats, increase the content of peroxidase and glutathione peroxidase in rat blood and reduce the formation of malondialdehyde, a marker for oxidative stress, thereby reducing cell damage. In a normal functional state, a dynamic balance is achieved Wang et al.: Cordyceps Militaris Waster Medium as Additive through the interactions between an organism's antioxidant system and the formation of free radicals or active oxygen products. An imbalance in the oxygen-reducing defense system could be observed when aging continues and environmental fluctuations occur. Therefore, to enhance the comprehensive defense mechanisms, an increase in glutathione peroxidase content and/or antioxidant replenishments in bodies may sustain the balance (Ramarathnam et al., 1995) . To decrease cellular damage caused by free radicals, cells possess non-enzymatic (such as α-tocopherol, ascorbic acid and glutathione) and enzymatic (such as superoxide dismutase, glutathione peroxidase and catalase) antioxidant defense systems (Lee et al., 2012) . Recent studies have shown that the Cordyceps polysaccharide isolated from C. militaris could suppress the cyclophosphamide-induced immune response to improve the lymphocyte activity and macrophage activity, superoxide dismutase, catalase and glutathione peroxidase, as well as to reduce the content of malondialdehyde in the blood of mice . Other functional compounds, such as phenolic compounds, flavonoid, triterpenoid, ergosterol, adenosine, etc., have been confirmed to have antioxidation effects on animals or cells or humans (Cook and Samman, 1996; Smina et al., 2011) . In this study, the active compounds are also identified in the CMWM material. However, little information is available regarding the influence of dietary supplementation with dried CMWM in layer hens.
The antioxidant action of reductones is based on the breaking of free radical chains to donate a hydrogen atom, and reductones could act as certain precursors of peroxide to prevent peroxide formation. The flavonoid/phenolic compounds of the CMWM may act in a similar way by donating electrons and reacting with free radicals to convert into more stable products, as well as terminating the free radical chain formation in the same manner as reductones. The antioxidant mechanism adopted by these phenol/flavonoid compounds is a direct reaction with free radicals, such as superoxide anion radicals, hydroxyl radicals and hydrogen peroxide, thereby minimizing the damage to cells and inhibiting lipid oxidation; moreover, the preventive effects are thus generated for aging, cancer, cardiovascular diseases and cranial nerve disorders (Parr and Bolwell, 2000) . Phospholipids, named as derivatives of phosphatidic acid, are generally thought to be the major factor responsible for the oxidative deterioration of foods/feeds because of their greater degree of unsaturation (Wu and Sheldon, 1988) . Furthermore, phospholipids (as lecithin) are believed to be present in high amounts in cell membranes, and could be suggested as a representative substrate for evaluating the antioxidant capacity and regulation oxidative status (Duh et al., 1999; Wu and Sheldon, 1988) . Ciftici et al. (2005) pointed out that ascorbic acid could partially inhibit adversely oxidative protein denaturation, and improve nutrient digestibility and FCR. This may be a reason for the decreased FCR of those hens receiving the added CMWM in this study. Goliomytis et al. (2014) showed that supplementation with hesperidin (a natural antioxidant agent) did not affect egg production and egg quality traits, but did significantly improve the oxidative stability of eggs. Botsoglous et al. (2005) pointed out that feeding layer hens with oregano or rosemary spices which contain a wide range of antioxidants, such as phenolic compounds, did not have an effect on yolk shape or egg shell thickness. Yalçin et al. (2006) presented that dietary garlic powder (a kind of phytogenic material) added to laying hen diets could increase egg weight but not egg yolk weight and egg shell thickness. Similarly, in this study, the 20.0 g/kg CMWM addition had higher egg weight than the other groups did. Sharma et al. (1979) showed that egg yolk cholesterol decreased when laying hen diets were supplemented with 10.0 or 30.0 g/kg dried garlic powder. Salma et al. (2007) reported that adding Rhodobacter capsulatus could decrease the accumulation of cholesterol in egg yolks. The authors showed that the R. capsulatus may exert its hypocholesterolemic action through the mechanism of bile acids. The R. capsulatus could stimulate the binding of cholesterol with bile acids, and then inhibit the formation of micelles. These are mechanisms that have been suggested to explain the potential result of lowering cholesterol concentration effects in serum when combined with the effect of fermentation on short chain fatty acid production (St-Onge et al., 2000; Chowdhury et al., 2005) . Moreover, Choi et al. (2010) pointed out that a dietary supplementation with antioxidants (such as α-tocopherol and garlic powder) resulted in lower cholesterol content in the tissues of chickens, suggesting that the activities of cholesterol 7 α-hydroxylase, hydroxymethylglutaryl-co-enzyme A reductase and fatty acid synthetase were markedly reduced. Aydin et al. (2008) showed that diets supplemented with black cumin (20.0 or 30.0 g/kg) sig- nificantly decreased the egg cholesterol compared to the control group (without addition). Yeum and Russell (2002) also indicated that the addition of carotenoids (a kind of natural antioxidant) are associated with reduced serum cholesterol content in layer hens, and explained that carotenoids may be absorbed through the intestinal cells, as well as being incorporated into the cylomicron (rich triglyceride lipoproteins). They then enter the circulatory system, forming a cylomicron remnant by the action of lipoprotein hydrolase, and then decrease cholesterol accumulation in the serum. Besides, the CMWM has abundant levels of natural detergent fibrous material (34.33%), which may mediate increased bile acid excretion and decrease egg cholesterol levels, as occurred in this study. Therefore, a CMWM supplementation scheme may affect lipid synthesis, as well as decrease cholesterol content accumulation in 10.0 and 20.0 g/kg dried CMWM supplemented groups.
In conclusion, the results indicated herein imply that the CMWM, a by-product of C. militaris, contains a variety of functional/secondary metabolites that could form a new feed additive that offers potential benefits for producing lowercholesterol eggs by laying hens. Moreover, the inclusion of 5.0 and 10.0 g/kg dried CMWM in the diet was more effective in egg mass and egg production. The group receiving a diet supplemented with 20.0 g/kg dried CMWM showed a significant increase in egg weight, egg white weight and egg shell strength in comparison to the control group at 0-12 weeks. Future studies are needed to determine whether the CMWM could be used as an alternative, as well as to elucidate the mechanisms for potentially enhancing production performance in layers.
